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U.S. EPA Notice

The U.S. Environmental Protection 
Agency (EPA), through its Office of 
Research and Development (ORD), 
funded this research and approved the 
materials that formed the basis for this 
presentation. The actual presentation has 
not been peer reviewed by EPA. Mention 
of trade names or commercial products 
does not constitute endorsement or 
recommendation by EPA for use.



This work is part of a larger 
research and coordinating effort 
at EPA, which can be viewed at:

http://www.epa.gov/nerlesd1/
chemistry/pharma/index.htm





OVERVIEW

Musks! What are they?
Why should we care about them?
How do they get into the aquatic 
environment?
Solid phase extraction methodology 
Summary and conclusion
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Synthetic musks

Polycyclic and Nitro musks
Mimic the strong and persistent aroma 
of the more expensive natural musks
Synthesized by the chemical industry as 
inexpensive substitutes for natural 
musks.



Uses of synthetic musks

Additives for perfumes 
Detergents and bath soaps 
Body lotions and hair creams 
Fish baits and herbicides



Where are they?

Sewage influent/effluent. (Gatermann et al., 1998)

Sewage sludge. (Herren and Berset, 1999)

Rivers/Sediments. (Rimkus et al., 1999)

Sediments. (Fromme et al., 2001)

Fish adipose tissue. (Yamagishi et al., 1981)

Human breast milk. (Rimkus et al., 1994)

Human adipose tissue. (Muller et al., 1996)



Potential Environmental Hazards

Bioconcentration in the adipose tissues of aquatic 
organisms.(Rimkus et al., 1997)
Musk ambrette is neurotoxic. It causes the paralysis 
of the hind limbs in the female rats, and atrophy of 
the testes in the male rats.(Davis, 1967) In 1985, 
usage stopped by IFRA.
In 1977, Versalide was voluntarily removed from the 
market by the Fragrance Industry due to its 
discoloration of internal organs (Opdyke, 1979), 
demyelination of PNS and CNS, and cumulative 
neurotoxicity in rats.(Spencer et al., 1979)



Chemical Structures of Synthetic 
Polycyclic Musks
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Chemical Structures of Synthetic 
Nitro Musks

C13H18N2O4
Mol. Wt.: 266.29620

C12H16N2O5
Mol. Wt.: 268.26880
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Chemical Structures of Musk Xylene 
and Metabolites
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Qualitative and Quantification

To perform human health risk 
assessment for these compounds, we 
need tools to identify and quantify them 
in their various environmental 
compartments.



Previous studies

About 30 years ago, Junk et al*., Muskty, and Nickless 
pioneered the use of SPE for direct extraction/enrichment 
of environmental samples.

Early studies focused on Amberlite XAD-2 & 4.

In 1979, Rees and Au**, used methanol/XAD-2 slurry for 
good recoveries of pesticides.

In 2001, we evaluated several sorbents and identified 
poly(methylmethacrylate) mixed 1:1 with poly(styrene-
divinylbenzene) as a superior sorbent for for the extraction 
of synthetic musks.

Commercially available as Varian Abselut NEXUS
*G.A. Junk, J.J. Richard, M.D. Grieser, D. Witiak, J.L. Witiak, M.D. Arquello, R.Vick, H.J. Svec, J.S. Fritz, G.V. 
Calder, J. Chromatogr. 199 (1974) 745.

**V. Rees, L. Au, Bulletin of Environmental Contamination and Toxicology. 22 (1979) 561



Recent Studies of Others

Synthetic musks are hydrophobic (Log 
Kow 4.3 to 6.3)
Liquid-liquid extraction of unfiltered 
samples yielded higher concentration in 
surface water
Select (high industry volume) musks 
compounds were extracted with silica 
disk.





In-situ Extraction of Synthetic Musk 
Compounds



Elution of Analytes

60 mL hexane
60 mL ethyl acetate
Vacuum at            
252 mm Hg



Turbo-vapTM Solvent Exchanged

Temperature = 30oC
Chiller = 10oC
Endpoint = Sensor
Fan = 4000 rpm
0.4 mL, add 1 mL 
toluene



GC/MS Analysis

Injection port 
=250oC
90oC for 1min, ramp 
at 10oC to 300oC, 
hold for 5 min.
Interface =300oC.
2 µL sample 
injected. 



Lab blank



Ions used.







Summary

Enrichment factor approaches 106 : 1, without methanolic 
pretreatment  or activation of resin
This simplified process leads to the extraction of dissolved-
phase analytes only (particulates > 5.0 µm excluded)
Resultant sample is highly compact, easily stored, and 
transported
High signal/noise enables unknown to be authenticated with 
NIST mass spectral library
Structures  are easily proven by showing identity to 
authentic standards (GC- ret. time and full mass spectrum)
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